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ABSTRACT: 
 
In this paper we examine the effective interactions introduced between the droplets of an oil in 
water microemulsion upon progressive addition of hydrophobically modified water soluble 
poly(ethylene oxide)-PEO using essentially small angle neutron scattering. To discuss the relative 
importance of decoration and bridging of the droplets we compare analogous samples with addition of 
a PEO grafted at both extremities with hydrophobic C12H 25 chains (PEO-2m) or addition of a PEO 
grafted at one extremity only with a C12H 25  chain (PEO-m). PEO-m or PEO-2m adsorb onto the 
droplets via their hydrophobic extremities and the droplets are found to retain their form and size upon 
addition of up to 40 hydrophobic C12H 25 chains per droplet. When the volume fraction of droplets is 
less than about 10%, the effective interactions introduced by PEO-m or PEO-2m are found to be very 
different: PEO-m introduces a repulsive interaction while PEO-2m introduces an effective attractive 
interaction. This attractive interaction leads to an associative phase separation in the range of low 
volume fraction when a sufficient amount of PEO-2m is added. At higher volume fraction the 
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contribution of PEO-m or PEO-2m to the interaction is a small repulsive contribution. We discuss 
qualitatively the experimental results in terms of decoration or bridging of the droplets by the PEO 
polymeric chains. 
 
*To whom correspondence should be addressed - appell@gdpc.univ-montp2.fr 
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INTRODUCTION 
 
The properties of complex or structured fluids are currently the subjects of many studies. In a 
number of cases, these properties are described using the picture of a transient network characteristic of 
physical gels 1. We describe here a model system allowing for the study of such transient networks and 
discuss its static properties: structure and interactions. These are the basis of our forthcoming studies 
on the dynamical properties of such systems. 
In the recent years other systems, parent to ours, have been studied2-,6. Among those aqueous 
solutions of hydrophobically modified water-soluble polymers have been largely investigated. They 
have been found to aggregate spontaneously by self-assembly of their hydrophobic parts. An important 
enhancement of the low shear viscosity of their solutions as concentration increases was thus observed. 
The earlier studies examined commercial polymers but investigations on well characterized samples 
was a pre-requisite to a proper description of the structure and properties of these solutions. Different 
groups synthesized well-characterized polymers (i.e. both as regard their mass and polydispersity as 
well as their degree of substitution) and studied their properties in solution, see e.g. 2,4,7-,14 . In many 
applications, associative polymers are found mixed with other constituents such as surfactants or 
latexes (see their use in water based surface coatings 2,8 ), the next step has thus been naturally to study 
solutions of increasingly more complicated composition. Interactions between associative polymers 
and surfactants have been explored 15-16,23.
Aqueous solutions of the model associative polymers, where an hydrophobic alkyl chain is 
grafted at the two extremities of a poly(ethylene oxide), have been studied by different experimental 
techniques 4, 13, 14 . Above a critical concentration: “CAC” they self-assemble via their hydrophobic 
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end chains forming small hydrophobic domains made of a small number of chains ( 5 to 25 chains 
depending both on the length of the PEO chain and the length of the hydrophobic chains). Bridging by 
the PEO chains of the hydrophobic domains can occur so that, by increasing concentration, larger and 
larger aggregates are formed and ultimately an interconnected network spans over the sample.  
Turning to the properties of mixed solutions of associative polymer and surfactant, the point of 
view often adopted is to examine the perturbations introduced, upon addition of the surfactant, to the 
solution of associative polymers 15,17,18 ,19,20 . More recently we adopted another starting-point 21 
where the end-grafted associative polymer  and the non-ionic surfactant have the same hydrophobic 
entities namely C12 alkyl chains and the same chemical group (ethylene oxide) as constituent of their 
hydrophilic parts. We showed that, at least up to a certain proportion of associative polymer in the 
mixed system, the hydrophobic cores remained identical to those of the pure surfactant micelles upon 
substitution of the surfactant by the polymer. We obtained evidence that the PEO chains linked 
preferentially the micelles. At low volume fraction this leads to an effective attractive interaction  
between the micelles and eventually to an associative phase separation.  
To investigate further the effective interactions introduced by adsorbed associative polymers 
we adopt here other model systems. They consist of -oil in water- microemulsion droplets onto which 
hydrophobically modified hydrosoluble polymers are adsorbed. The associative polymers with two 
ends grafted or one end grafted with an hydrophobic chain consists of an alkyl chain -here C12H25 and 
of a water soluble poly(ethylene-oxide). The possibility for the associative polymer with two modified 
extremities (PEO-2m) to stick them in two different droplets can lead under appropriate conditions to a 
transient network forming a physical gel. The advantages of these model systems are threefold. The 
first advantage is that we can compare a situation where a transient network is indeed formed (upon 
addition of PEO-2m) to a very similar situation where no network can form (upon addition of a 
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polymer modified at one end (PEO-m) the length of the PEO chain being here half that of PEO-2m). 
The second advantage is that we can monitor separately different parameters playing a role in the 
system, namely i: the radius of the droplets by adjusting the composition of the microemulsion, and 
their average distance depending on the volume fraction of the droplets. ii: the number of associative 
polymers added per droplet and iii: the length of the PEO chain. We can thus tailor the network 
adjusting the size and number density of knots and the number and length of the linking chains. This is 
a net advantage over similar networks formed in simple binary solutions of associative polymers where 
all these parameters are dependent on the chosen polymer and on the particular concentration used. The 
third advantage of our model systems is a practical one: we can easily obtain information on the form 
and size of the droplets and on the interactions introduced between them by studying the small angle 
neutron scattering patterns. 
A similar strategy was developed previously by 23, 24 . They recently reported on the 
interactions introduced by associative polymers between microemulsion droplets. The studies were 
however limited to the case of associative polymers modified at both extremities.  
The particular situations we plan to study have not been described theoretically but such a 
description would be closely related to that of the properties of telechelic polymers adsorbed onto 
surfaces 25,26 or in solutions 27 . We use these descriptions to picture the solutions in figure 1. If the 
added copolymer is a polymer modified at one end, it decorates the droplets as shown in figure 1A and 
the polymeric corona adds a repulsive contribution  to the interaction between the droplets  (i.e. an 
osmotic contribution to the repulsion , as long as the polymer is in a good solvent and the concentration 
is not too high). If the added polymer has two hydrophobic extremities they can adsorb onto the same 
droplet leading to  a situation similar to fig 1A and/or they can adsorb onto two different droplets and, 
in that case, the polymers also introduce bridges between the droplets as shown in figure 1B. This can 
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lead under appropriate condition to an effective attractive contribution to the interaction between the 
droplets and also to the formation of an interconnected network of droplets which must be responsible 
for the viscoelastic properties of such solutions.  
The phase behaviour and the small angle neutron scattering (SANS) patterns of the samples 
are first described. The experimental results are then qualitatively discussed in terms of the effective 
interactions introduced by the PEO chains either bridging or decorating the microemulsion droplets. 
EXPERIMENTAL 
Materials: 
Cetyl pyridinium chloride  [H3C-(CH2)15 ] -C5H5N+ Cl-   (CPCl) from Fluka is purified by 
successive recristallization in water and in acetone, octanol  [H3C-(CH2)7 ]-OH and decane [H3C-
(CH2)8 CH3] from Fluka are used as received.  
The poly (ethylene-oxide) have been hydrophobically modified and purified in the laboratory using the 
method described in10,28 . The molecular weight of the starting products is determined by size-
exclusion chromatography. After modification, the degree of substitution of the hydroxyl groups was 
determined by NMR using the method described in 29 . The degree of substitution is found to be equal 
or larger than 98% . The hydrophobically modified poly (ethylene-oxide) contains an isocyanate group 
between the alkyl  chain C12 H25 and the ethylene-oxide chain. We assume this isocyanate group 
belongs to the hydrophilic part of the copolymer . Poly (ethylene-oxide) PEO-2m is modified at both 
extremities and PEO-m is modified at one extremity only . PEO-m is exactly half the PEO-2m. cf 
Table 1. 
All samples are prepared by weight in brine or deuterated brine. Brine-0.2M NaCl- is prepared 
with triply distillated water or deuterated water from S.D.S. used as received. The samples are 
characterized by the volume fraction Φ of hydrophobic cores [HC] which are composed of the parts of 
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the components indicated above in brackets. All the parameters necessary to calculate Φ from the 
sample composition are summarized in Table 1 . 
Preparation of the microemulsion : 
The microemulsion 30 is here a thermodynamically stable dispersion in brine of oil droplets 
surrounded by a surfactant film. We seek for conditions where the microemulsion is close to but below 
the line of emulsification failure. The line of emulsification failure is the limit above which the 
microemulsion droplets are saturated with oil and coexist with excess oil. On this line the 
microemulsion droplets have a radius corresponding to the spontaneous curvature radius of the 
surfactant film 31 . Under such conditions it is now well established that the droplets of microemulsion 
are spheres of a well-defined radius 32  and that they can be diluted over a large concentration range 
33,34 .  First the spontaneous radius of curvature of the surfactant film, composed of a surfactant -CPCl- 
and a cosurfactant -octanol-, is adjusted by varying its composition ; the ratio in weight of octanol to 
CPCl is set equal to 0.25. Then decane is added up to the emulsification failure limit and then a value 
slightly below this limit is adopted: the ratio in weight of decane to CPCl + octanol is, in what follows, 
equal to 0.62. We do find that the microemulsion can be diluted over the range of ~1 to 20 weight %. 
In this range the microemulsion droplets are fairly monodisperse spheres as described below. 
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Preparation of the microemulsion droplets plus hydrophobically modified polymers: 
 The samples are prepared by weight. Their overall composition is determined so as to obtain a 
constant volume fraction Φ of the hydrophobic parts (HC) of the droplets  (which consist of the 
hydrophobic parts of the microemulsion constituents plus the alkyl chains of the PEO-m  or PEO-2m) 
while increasing progressively the number of adsorbed alkyl chains. This is achieved by replacing a 
small amount  of CPCl + octanol by the appropriate amount of modified PEO. The solutions are 
characterized by Φ and by the number of C12 chains per droplet r . To calculate r we assume that the 
radius of the spherical HC does not change with increasing substitution of the surfactant by the 
copolymers; we show below that this assumption stands up to r ~ 40. It is important to stress here that, 
with the present choice of PEO-m and PEO-2m, a sample prepared with one or the other and with the 
same value of r contains the same number of C12 chains per hydrophobic core but also the same total 
amount of EO units.  
Observation of the phase behaviour of the samples 
The samples prepared as described above are thoroughly shaken to insure homogenization and 
then kept at the temperature of observation , here T=20°C, in a thermostated water bath for several 
days before visual examination. When a phase separation is observed the samples are rehomogenized 
and set back to rest for a couple of days to confirm the observations.  
Small angle neutron scattering: SANS Measurements 
They have been performed at LLB-Saclay on the spectrometer PACE. The range of scattering 
vectors covered is   0.004 Å-1 < q <0.16 Å-1 . The temperature is T= 20°C. The scattering data are 
treated according to standard procedures. They are put on an absolute scale by using water as standard. 
And we obtain intensities in absolute units (cm-1) with an accuracy better than 10%. In the samples 
studied here, the neutrons are scattered predominantly by the microemulsion droplets.   
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The small angle neutron scattering from colloidal solutions provides information on their 
structure 35,36 . If the colloidal aggregates can be assumed to be spherical or if, at least on average, the 
interaction potential between them has spherical symmetry, one can write the scattered intensity I (cm-
1) in  the form: 
I(q) = Φv ∆ρ( )2 P(q)S(q) = AP(q)S(q)
with A = Φv ∆ρ( )2   [1] 
where q ( Å-1 )  is the scattering vector; Φ is the volume fraction; v (cm3) the dry volume of the 
aggregates and  ∆ρ (cm-2)  the difference in the scattering length density of the aggregates and of the 
solvent . P(q) is the form factor of the colloidal aggregates and P(q->0)=1. S(q) is the structure factor 
which reflects interactions between the aggregates. 
For monodisperse spheres of radius R : 
P(q) = 3 (sin qR) − qRcosqR[ ]
qR( )3
⎡ 
⎣ ⎢ 
⎤ 
⎦ ⎥ 
2
 [2] 
At high q values, the structure factor S(q->∞)  = 1, the scattered intensity is therefore only related to the 
form factor of the colloidal aggregates. In this limit, we will use the Porod representation : q4I(q) as a 
function of q which amplifies the oscillations of P(q). If P(q) is given by [2] then, in the Porod 
representation, the first and second maximum and the first minimum are such that: 
q1maxR = π 32  , q2 maxR = 2π   and     qminR =
3π
2
  [3] 
In order to take into account the possible polydispersity of the microemulsion droplets we assume that 
the size distribution is gaussian and write for [A.P(q)]polydisperse : 
A.P(q)[ ]polydisperse = Φ(∆ρ)2 4π3
R3
2π∆R
3 (sinqR) − qR cosqR[ ]
qR( )3
⎡ 
⎣ ⎢ 
⎤ 
⎦ ⎥ 
2
e
− R− R( )
2
2 ∆R( )2 dR
⌠ 
⌡ 
⎮ ⎮      [4] 
With R  the mean radius and ∆R the standard deviation . 
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In the thermodynamic limit, i.e. q->0 the structure factor can be written 37 :    
S(q− > 0) = kBTΦv χ T     where χT , the isothermal compressibility, is defined as a function of 
the volume fraction Φ and of the osmotic pressure Π:  χT = 1Φ
∂Π
∂Φ
⎡ 
⎣ ⎢ 
⎤ 
⎦ ⎥ 
−1
  
We can then write             χ
T
= I(q− > 0)∆ρ( )2kBT                                                                        [5] 
 
At the spatial resolution of our scattering experiments ( π
qmax
= π
0.16
~ 20Å   ) the droplets are 
viewed as homogeneous particles consisting mainly of alkyl chains with one scattering length density : 
we “see” the hydrophobic cores [HC]. From the scattering lengths 38  and the densities of the 
components of the HC (cf table 1) the scattering length density is computed ρ = -0.44 1010 cm-2  and in 
deuterated brine ∆ρ = 6.83 1010 cm-2 (see rel [1]) . When some polymers are adsorbed onto the HC’s, in 
the range explored here, we will assume that the contrast remains identical as the proportion of 
ethylene-oxide in D2O remains low even in the corona surrounding the HC’s. Let us remark that, as 
already stated, the above formalism strictly applies to monodisperse spherical aggregates interacting 
through a potential with spherical symmetry. Representing the attractive contribution introduced by 
bridging in terms of a spherically symmetrical potential is probably questionable. Nevertheless, we will 
use this formalism here, keeping in mind its obvious limitations, as a tool to compare the effective 
interaction introduced  by PEO-m or PEO-2m. 
RESULTS 
Characterization of the microemulsion: 
In figure 2 the SANS patterns for microemulsions with increasing volume fraction 
Φ normalized to Φ=1 are shown together with the spectra computed for spherical aggregates 
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interacting through a potential which is the sum of a repulsive and an attractive contribution (see 
below). 
We first note that the oscillations of the form factor amplified in the Porod representation of 
figure 2A  are perfectly superimposed in the large q range which is a strong indication that the droplets 
remain constant in size and shape in the range of Φ explored. Assuming the droplets are spherical we 
can deduce their radius from the position of the maxima and minimum in the Porod representation 
(fig.2A) using the relationships in [3]. All three extrema yield the same R value which confirm our 
assumption that the droplets are spherical; we obtain R = 62± 2 Å . The moderate damping of the 
oscillations must be traced back to size polydispersity or size fluctuations 39 , they are correctly taken 
into account if we assume a gaussian distribution of radius for the microemulsion droplets with a mean 
radius R  = 62Å and a standard deviation ∆R = 8 Å which indicates a small polydispersity. From the 
mean radius and the known composition of the samples we can calculate that each droplet of 
microemulsion is on the average composed of 830 CPCl, 542 octanol and 1537 decane and that its 
molar mass (including the polar heads) is roughly equal to 5.7 105  Dalton. 
Looking at figure 2B the large drop of the intensity at small q's and the progressive appearance 
of a correlation bump, as Φ increases, are clear evidences that the microemulsion droplets experience 
an overall repulsive interaction. We  compute the spectra shown as solid lines in fig.2A and 2B 
assuming the droplets to be spheres with R = 62Å interacting through a potential which is the sum of 
an attractive Van der Waals potential with an Hamaker constant appropriate for decane droplets 
interacting through water (AH = 1.1kBT) and of a repulsive potential with a hard sphere contribution 
and a screened coulombic contribution for which the Debye length is determined through the small 
ions added ( λD = 7Å). To describe this effective potential the number density of macroions (=the 
microemulsion droplets) can be computed from Φ and the mean value of R so that there is only one 
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adjustable parameter in the model namely the effective charge Z on each macroion. With this effective 
potential, the structure factor S(q) is calculated from the Ornstein-Zernike integral equation for the 
direct and total correlation function using Percus-Yevick closure relation via a program developed by 
Belloni  40 . Then the spectra can be calculated from [1] using the computed S(q) and [A. 
P(q)]polydisperse given by [4] and calculated with the estimated value of ∆ρ (see above) and  
R= 62Å and ∆R= 8Å. An excellent quantitative agreement is achieved, as can be seen upon inspection 
of figure 2B, for the spectra at Φ = 1.4, 2.8, 7%  with the same effective charge Z= 150 on each 
droplet. At Φ = 13.7% the position of the correlation bump is correctly computed but the drop of the 
intensity at q=0 is underestimated illustrating the limits of the model used. The effective charge Z can 
be related to the number of CPCl molecules in the surfactant film surrounding a droplet ~ 830 so that 
the ratio of dissociated surfactant ions to total surfactant ions is equal to ~ 0.2, as currently found in the 
case of ionic micelles in brine. 
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Addition of unmodified PEO to the microemulsion 
In order to make sure that the PEO polymeric chains do not interact with the microemulsion 
droplets we compare, in figure 3, the SANS spectra of a  microemulsion  with Φ= 7% to the SANS 
spectra of the same microemulsion with an amount of PEO (M=10000) corresponding to that added in 
a sample containing PEO-2m with r ,the number of C12 chains per droplet,=12 . This illustrates that 
there is no interaction between the hydrophilic part of the polymer and the cationic surfactant in 
excellent agreement with previous studies 15 , this is in contrast with comparable situations where the 
surfactant is anionic. 
Addition of modified PEO to the microemulsion 
Do the microemulsion droplets remain identical ? 
We expect that adding PEO-m or PEO-2m to the microemulsion does not modify the 
hydrophobic droplets. This can be tested by comparing the SANS patterns in the Porod representation 
for the bare microemulsion and for the samples with PEO-m or PEO-2m added. Such a comparison is 
made in figure 4 for samples with Φ = 7% and r = 8 ; the three patterns are perfectly superimposed in 
the large q range indicating no change in the hydrophobic droplets. Similar observations have been 
made for all samples with 0<Φ<20%  and  0< r <40 . This provides strong evidence that the droplets 
remain identical. Furthermore this also help casting out the existence of aggregates of the associative 
polymers alone. The associative polymers in binary solutions are know to self-assemble forming small 
hydrophobic domains surrounded by the PEO polymeric chains, typical size for these domains have 
been found to be R~ 15-20Å  13 . Existence of such aggregates, coexisting with the microemulsion 
droplets, ought to show up in the SANS spectra; in the present experiments, even at the highest r and Φ 
values, no modification of the spectra in the high q-range could be detected. The assumption that the 
modified polymers associate with the microemulsion droplets rather than self-assembling separately 
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was made here from the start considering the gain of entropy for the PEO chains to distribute 
themselves among large hydrophobic droplets rather than to squeeze around the small hydrophobic 
domains the polymers could eventually built up. This will be further confirmed in what follows by the 
effective interactions clearly introduced between the hydrophobic droplets upon addition of the 
polymers. 
Having established that the droplets remain identical for samples with PEO-m or PEO-2m 
added in the range 0<Φ<20%  and  0< r <40 we can now examine the interactions introduced by the 
presence of the PEO polymeric chains at the surface of the droplets. To do so we have two sets of 
experimental evidences namely the phase behaviour of both systems and the evolution of the SANS 
patterns in the low q range. 
Phase Behaviour of the microemulsion  plus PEO-m or PEO-2m 
As already stated the microemulsion remains a clear phase for volume fractions of the 
hydrophobic core between 1 and 30%. We investigate the evolution of the samples with PEO-m and 
PEO-2m added at T= 20°C  
In figure 5 we sketch the phase evolution of the samples with r the number of C12 chains per 
hydrophobic core (plotted as vertical axis) and with the volume fraction Φ of hydrophobic core (plotted 
as horizontal axis). The situation is very different with one or the other copolymer. Upon addition of 
PEO-m  (cf figure 5A) in the explored range of volume fraction, the samples remain clear monophasic 
solutions whatever the quantity of copolymer added up to  r ~40. In contrast (cf figure 5B), for low 
volume fractions < ~ 10%, increasing the quantity of PEO-2m leads to a phase separation: a dilute 
phase coexists with a more concentrated phase. On the other hand at higher volume fractions the 
samples remain clear monophasic solutions when PEO-2m is added. In a similar system studied by 
Bagger-Jörgensen such a phase behaviour is also reported added 24 . This phase separation is an 
Filali et al  14 
associative phase separation 41  brought about by an effective attractive interaction between the 
droplets. This interaction which must be due to the bridging of the droplets by PEO-2m is discussed 
further below. 
With PEO-m a  phase separation takes place at higher polymer concentration (r > 40) are 
added as indicated in figure 5A. This phase separation is different in nature to that observed with PEO-
2m. The solution becomes turbid and a phase separation occurs with a thin oily phase floating above a 
clear solution. We will discuss this phase separation below; it is related to an emulsification failure 
with a fraction of the decane being rejected while the clear phase is a microemulsion of smaller drops 
with a larger curvature and less oil. 
Comparison of the SANS patterns upon addition of PEO-m or PEO-2m 
In figure 6 the scattering patterns are represented for samples at fixed volume fraction of 
hydrophobic cores and an increasing number of copolymer added. At Φ = 7%  illustrating, in the low 
volume fraction range, the noticeable difference between samples with PEO-m or PEO-2m added. In 
figure 6A note the increasing position correlations induced by the decoration of the droplets by PEO-m 
as indicated by the peak which becomes increasingly more pronounced as r increases from 0 to 12 And 
in figure 6B, where the ordinate scale is double with respect to that in 6B, two features are noteworthy, 
first a very important rise of the intensity scattered at very low q's as r increases from 0 to 8 ( r = 12 
cannot be studied as the samples phase separate as discussed above) and second the indication that a 
particular distance between droplets is favoured giving rise to an increasing correlation peak less 
marked however than with PEO-m.At Φ = 13.7 % illustrating the behaviour in the high volume 
fraction range where addition of both polymers amplifies the correlation maximum and where the 
difference between PEO-m and PEO-2m vanishes progressively with increasing Φ. In figure 6C and 
Filali et al  15 
figure 6D the vertical scale is the same as in figure 6A ; note in figure 6D that a small rise of the 
intensity scattered at low q's is still noticeable for PEO-2m. 
In figure 7 the scattering patterns for samples with a constant r and varying volume fraction F 
are displayed. To allow an easy comparison we plot the intensity normalized to unit volume fraction as 
a function of q. Note first that here again the vertical scale of B and D relative to samples with addition 
of PEO-2m are twice those of A and C the analogous plots for samples with addition of PEO-m. This 
underlines the very different evolution of the scattering patterns in the two series of samples. 
For PEO-2m samples, an important rise of the scattered intensity at low q is the signature of 
the effective attractive interaction (which must be due to the bridging) between droplets  introduced by 
PEO-2m which is not observed in the samples with PEO-m. This attractive interaction is found to 
become less and less important when Φ increases above 7% and, in fact, the patterns for the two 
samples with Φ = 30% and PEO-m or PEO-2m can be seen to be almost identical we will comment on 
this below. In PEO-m samples the depletion of the intensity at low q's is the signature of the repulsive 
interaction between droplets.  
For both series of samples a broad correlation peak is observed which becomes sharper when 
Φ increases; this is the signature of increasing correlation between the droplets. The maximum of the 
peak is roughly at qmax = 2π / d with d the average distance between nearby droplets. However here 
again the situation is very different in the two series of samples. In PEO-m (fig 7A and 7C) the 
maximum of the correlation peak moves to larger and larger q's as Φ increases as is expected for an 
ordering due to a regular repulsive interaction. In fig 8 we plot the evolution of d as a function of Φ for 
the samples with added PEO-m we note that it decreases with increasing Φ as in the microemulsion: d 
~ Φ − 1/3. For the samples with added PEO-2m we note upon inspection of figure 7B and 7D that the 
maximum of the peak remains at the same position at the lowest Φ's and correlatively in figure 8 it can 
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be seen that d remains constant at low volume fraction but its evolution becomes identical to that of the 
corresponding samples with PEO-m at higher Φ's .  
DISCUSSION  
From the above described experimental results we can draw a rather precise qualitative picture 
of the structure of the microemulsion droplets with addition of one or the other associative polymers. 
Let us recall that up to r ~ 40 the droplets are found to remain spheres of the same form -roughly 
spherical- and same average size R=62Å than in the bare microemulsion. 
The PEO-m decorate these droplets introducing a repulsive contribution to the interaction, 
evidence of a local order is clearly given by the correlation peak: this order is very similar to that of the 
bare microemulsion but reinforced; this is clearly indicated by the average distances deduced from the 
position of the correlation peaks as shown in figure 8 and in table 2.  
In the straightforward situation of the microemulsion decorated by the PEO chains of the 
PEO-m we already mentioned that a phase separation is observed when r becomes larger  than 40: oil is 
ejected from the droplets, evidence from SANS that the droplets become smaller is shown in figure 9. 
While in the Porod representation it can be seen that the superposition of the oscillations of the form 
factor are perfectly superimposed for the bare microemulsion and samples with PEO-m r=8 or r=32 in 
figure 9A , these oscillations are moved towards higher q for the sample with r= 64 in figure 9B. From 
the position of the maximum and minimum we deduce, using relations [3] , R= 50Å.. When preparing 
the microemulsion we seeked for a situation close to the emulsification failure line, that is the 
surfactant film surrounding the decane droplets is close to its spontaneous curvature, the observation 
made here, of oil ejection while the droplets of microemulsion become smaller, points out to a change 
in the spontaneous curvature of the surfactant film which can easily be understood if we recall that the 
surfactant film is now decorated by PEO coils. Lateral repulsions of the PEO coils, decorating the 
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surfactant film on the aqueous side, induce extra bending which increases with the area density of 
polymer. In other words there is a coupling between the elastic properties of the surfactant film and its 
decoration by the PEO. Assuming that pure decane is rejected that is the total area of the surfactant 
film remains constant we can evaluate the percentage of decane rejected by a simple calculation: 
∆ΦΦ =
∆R
R
~ 0.19  in agreement with the quantity of decane floating over the sample. 
We turn back to the main subject of this paper and to the samples with r<40. Comparison of 
the behaviour of samples with PEO-2m to that of samples with PEO-m points to an important 
difference between them. As already indicated the main difference one can imagine between the two 
series of samples is that PEO-2m can bridge the droplets (see fig 1). The observed differences are thus 
readily attributed to preferential bridging occurring when PEO-2m is added. In the range of low 
volume fractions (Φ < 10% ) the addition of an attractive component to the interaction is clearly 
indicated by the rise of the intensity in the low q's range. How can we describe the samples ?  In fact 
the attractive component can be pictured as due to the longer time the droplets spend close to one 
another because of the preferential bridging. The scattering patterns give us another clue namely that a 
preferential distance between the droplets exists in the samples as indicated by the existence of a 
correlation peak. This distance is independent of Φ (for Φ<10%)  and of r as can be seen in figure 8 
(see also table 2) it is also much smaller than the average distance calculated from Φ, assuming short 
range simple cubic order, and observed in the bare or decorated microemulsion.  It is tempting to 
deduce from this distance d the length  of the PEO chain bridging two droplets we easily find ~100Å. 
From the relationship for the radius of gyration : 
 R  for a PEO chain of molar mass M g = 0.107 ± 0.001*M0.63±0.01 42, 43 we obtain  Rg = 35Å and 
deduce for the average end-to-end distance of the polymer chain ~ 90 Å 44 in agreement with the value 
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estimated above. We can then imagine the samples as a dispersion of temporary superaggregates of 
droplets linked by the PEO-2m bridges. 
At this stage we must question: why is bridging favoured compared to decoration ? For the 
hydrophobic extremities the gain in energy is identical no matter whether their are in the same or in 
two different droplets as long as they experience the same apolar environment. When the droplets are 
far apart, the chains are too short to bridge them: a chain having one of its stickers in one given droplet 
is forced to loop so that its second sticker adsorbs onto the same droplet. When the droplets are close 
enough to one another (at a distance of order Rg), loop conformations are still allowed and, in addition, 
bridging conformations are now accessible. So the conformational entropy of the chain is larger when 
the droplets are at the right distance for bridging. This very simple argument was first proposed by 
Witten in ref 45 : assuming that the numbers of loop and bridge conformations are roughly equal, he 
derived the free energy change in bringing the droplets close to each other: -kBT ln(2) per telechelic 
chain. More refined calculations were reported  25,46, 47 later on for the effective bridging interaction 
between flat surfaces in the different regimes (mushroom and brush) for the area density of telechelic 
chains: a neat attraction is again found but with a magnitude somewhat lower. The effect of the 
bridging attraction onto the phase behaviour of solutions of associating polymers are further analysed 
theoretically in 27 . 
At higher volume fraction the droplets are on the average closer than the end-to-end distance 
of the polymer chain and bridging can occur without adding any attractive component to the interaction 
between droplets. On the contrary the bridging polymer chains will add to the repulsion in the same 
way as the decorating polymer chains resisting to interpenetration and longing to swell in brine. But the 
existence of bridges in the samples is still reflected macroscopically by their viscoelastic  properties. 
Filali et al  19 
We have, indeed, reached our initial aim and built up a model system for transient networks. Its 
dynamical  properties will be described in a forthcoming paper. 
The interactions between droplets are reflected by the evolution of χT with the volume fraction 
of droplets and with the number of C12 chains per droplet. We evaluate the value of the osmotic 
compressibility in the following way. First we deduce I(q->0) from the scattering patterns and then 
evaluate χT  using relation [6]  with ∆ρ = 6.83 1010 cm−2 which gave an excellent agreement between 
the experimental and calculated scattering patterns of the bare microemulsion as described above. In 
figure 10, the curves of χT as a function of Φ reflect the features of the effective interactions introduced 
upon addition of PEO-m or PEO-2m to the bare microemulsion. Upon addition of PEO-m the 
compressibility decreases slightly indicating the reinforced repulsive interaction. But upon addition of  
PEO-2m  we note a strong maximum in the curves; the volume fraction of the maximum, Φmax , is a 
value between 5 and 7% . This evolution is precursor to the associative phase separation observed in 
this system which is due to the effective attraction brought about by bridging. This phase separation 
(see figure 5)  occurs for samples with r > 12 and with a critical volume fraction of ~ 6% where the 
osmotic compressibility is known to diverge, this value is in excellent agreement with the position of 
the maximum found here.  
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Table 1 Molar Mass and density of the components of the samples 
 
 
Component  (abreviated in the text) Molar Mass 
 (dalton) 
Molar Mass 
(Dalton) 
 HC a
 Density 
(g/cm3) 
polar 
part 
 Density 
(g/cm3) 
HCa
D2O 20 - 1.105  
[H3C-(CH2)15 ] -C5H5N+ Cl-     (CPCl) 339.5 225 1.656 0.83 
[H3C-(CH2)7 ]-OH                (octanol) 130 113 1.18 0.785 
[H3C-(CH2)8 CH3]                (decane) 142 142 - 0.74 
[CH3-(CH2)11]-NH-CO-(0-CH2-CH2) 227  
-O-(C0)-NH-[ (CH2)11 CH3].  (PEO-2m)
~10 400 338 1.2 0.81 
H3C- (0-CH2 -CH2) ~113 O-(C0)-NH- 
[ (CH2)11 CH3]                            (PEO-
m) 
~ 5 200 169 1.2 0.81 
a) HC = hydrophobic part of the component indicated in brackets in column 1 
Table 2 χT  and d extracted from the SANS patterns as explained in  the text . 
Samples microemulsion microemulsion + PEO-m microemulsion + PEO-2m 
Φ↓   r→ (a) 0 4 8 12 4 8 
 d(Å) χT  (c) d(Å) χT  (c) 
 
d(Å) χT(c) d(Å) χT(c) d(Å) χT (c) d(Å) χT(c) d(Å) 
0.014 415 2.9 (b)- 2.3 (b)- 2.95 (b)- 2.6 (b)- 5.4 (b)- 8.5 (b)- 
0.029 325 4.9 (b)- 4.6 (b)- 4 360 3.8 331 10.5 224 18.5 233 
0.070 240 7.3 273 6.4 246 5.1 232 4.8 233 14.5 216 22.2 233 
0.137 195 4.4 177 4.6 177 4.3 179 3.5 177 7 185 8.6 185 
0.265 155 4.5 146 4.5 149 3.8 146 3.6 146 4.1 149 3.8 146 
(a) calculated value of d the average distance between droplets assuming they are on a cubic network. 
From the volume fraction Φ and assuming the radius of the droplet R=62Å 
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(b) d is not measurable (no discernible correlation peak.) 
(c) the osmotic compressibility , deduced from I(q->0) as explained in the text,is given in 10-6 Pascal-1
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FIGURE CAPTIONS 
Figure 1: Illustration of decoration and bridging: the droplets of decane are surrounded by a monolayer 
of surfactant and cosurfactant and the poly(ethylene oxide) chains attached onto the cores by one or 
two stickers (a sticker= a C12 alkyl chain) can decorate the droplets as shown in 1A or, if  and only if 
the copolymer is modified at both extremities, it can also bridge two droplets as shown in 1B. 
Figure 2 SANS Patterns for the microemulsion droplets as a function of the volume fraction Φ of 
hydrophobic cores: Φ= 1.45%: ∆; Φ=2.9%:  ; Φ= 7 % O ;Φ= 13.8 % +; the solid lines are the spectra 
computed as explained in the text. 2A: the Porod representation of the spectra normalized to Φ=1 
illustrating, within experimental errors, the superimposition of the form factor in the high q range. 2B: 
I(q) normalized to Φ=1 (see text).  
Figure 3 Comparison of the SANS Patterns for the microemulsion at Φ = 7% without :+ and with PEO 
(M=10 000): O. 
Figure 4 The microemulsion droplets remain identical when PEO-m or PEO-2m is added: SANS 
patterns in the Porod representation for the bare microemulsion droplets: O, with PEO-m r= 8:   and  
with PEO-2m r = 8: ∆  in the three solutions the volume fraction of HC  Φ is 7% . 
Figure 5  Phase behaviour of the microemulsion upon addition of PEO-m: 5A or PEO-2m : 5B. The 
bare microemulsion is prepared here in water plus 0.2M NaCl,the ratio in weight of octanol to CPCl  is 
kept identical (0.25) to the value adopted in deuterated brine but in that case the ratio in weight of 
decane to CPCl+ octanol must be slightly modified (=0.56) compared to the value adopted in 
deuterated brine in order to be in the same conditions with respect to the emulsification failure line. 
Figure 6 Evolution with r, the number of C12 chains per droplet, of the effective interaction introduced 
upon addition of  6A and 6C PEO-m or 6B and 6D PEO-2m, SANS patterns for the bare 
microemulsion droplets :O, for r= 4 :   and for r=8: ∆.and for PEO-m only r=12: + Note that in 6B the 
ordinate scale is multiplied by 2. The volume fraction of hydrophobic core is Φ = 7% for 6A and 6B 
and Φ = 13.7% in 6C and 6D 
Figure 7 Evolution with Φ, the volume fraction of hydrophobic core, of the effective interaction 
introduced upon addition of 7A: PEO-m or 7B: PEO-2m, SANS patterns for Φ = 7% : O; Φ = 2.8 % : 
   and Φ = 1.4 % :∆  and of 7C: PEO-m  or 7D: PEO-2m, SANS patterns for Φ = 7% : O ; Φ = 13.7 % 
:  and Φ = 26.5 %:∆. r, the number of C12 chains per droplet, is in all cases = 8  
Figure 8 Position of the average distance between droplets (as deduced from qmax the abscissa of the 
maximum of the correlation peak) as a function of Φ, the volume fraction of hydrophobic core, in the 
spectra for the bare microemulsion: O, with added PEO-m r=4: ∆ ; r=8:   , r=12 :∇ and with added 
PEO-2m r= 4 : x and r=8 :+. For comparison calculated d (see text) is shown ♦ . The lines are just 
guides to the eyes. 
Figure 9 Evolution of the size of droplets with r: SANS patterns in the Porod representation for 
solutions with, the volume fraction of hydrophobic core, Φ = 2.8 %. in the bare microemulsion 
droplets:O in 9A and 9B; 9A: the droplets remain identical when decorated by PEO-m with r= 8 : ∆ 
and r = 32 :   and 9B:  the droplets become smaller when decorated with PEO-m with r=64 : full 
circle. (see text for discussion). 
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Figure 10   χT , the osmotic compressibility, is plotted as a function of Φ for the bare microemulsion :O 
, with PEO-2m r=4: ∆ and r=8:  .,  with PEO-m r=4: + ; r=8: X and r=12 :∇. 
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